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Abstract 


In order to understand the ecological significance for the gonotrophic dissociation 
in Culex tritaeniorhynchus summorosus females, the development of follicles, the 
activity of blood feeding and the incidence of gonotrophic dissociation were examined 
with the females which had been reared as adults under the outdoor natural or indoor 
experimental conditions and with those which had been caught at cowsheds. From the 
results obtained, it was indicated that under the conditions of the short day-length the 
gonotrophic dissociation occurs commonly, however the feeding rate is very low and 
accordingly the number itself of the females showing this phenomenon is very small. 
Therefore, it can be said that the gonotrcphic dissociation in this species does not 


play the important role on the overwintering ecology. 


Introduction 


Culex tritaeniorhynchus summorosus 
is well known to play an important role 
as the vector of Japanese encephalitis 
during the epidemic period, but it is not 
clear whether during winter this mosquito 
reserves the virus of the disease in the 
body. In early spring most of the females 
caught in the field were found to be 
nulliparous (Harada et al., 1967), there- 


fore it would be supposed that the possi- 
bility of overwintering of the pathogen 
in the mosquitoes is very low. However, 
if the females that took the blood-meal 
and did not develop mature eggs (gono- 
tro phic dissociation) form a greater part of 
the nulliparous females of the overwinter- 
ing population, then the possibility would 
be higher. In other words, for investigat- 
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ing the possibility of hibernation of the 
virus in the mosquito it is necessary to 
know the rate of gonotrophic dissociation 
in nature. Thus, it was reported with 
this mosquito that there occurs the gono- 
trophic dissociation under some experimen- 
tal or natural conditions (Harada et al., 
1968, 1970; Ito et al., 1968; Kawai, 1969; 
Takahashi, 1970). However, the actual 
role of the gonotrophic dissociation played 


Material and 


The females of Culex tritaeniorhynchus 
summorosus which had been bred from 
the Ist instar larvae of the laboratory 
colony (Nagasaki strain) were exam- 
ined for follicular development, feeding 
activity and gonotrophic dissociation rate. 
The larvae were bred with equally mixed 
powder of Ebios (Cbrewer’s yeast) and 
mouse pellets, and the followed adults 
were kept in a cage with 2% sugar solu- 
tion, at an outdoor insectarium under 
natural air conditions, and at indoor in- 
sectaria with constant temperatures and 
alternate light and darkness. The follicu- 


in the field on the overwintering of this 
mosquito as well as of the virus was not 
conclusively given. The present paper 
deals with the results of experiments to 
understand the real situation in nature of 
the gonotrophic dissociation, in connection 
with the follicular development and the 
feeding activity in C. £. summorosus 


females. 


method 


lar development was observed under bino- 
cular stereoscope and microscope. The 
stages of follicles were described after 
Kawai (1969). The females were exposed 
to a chicken for a night to observe the 
feeding activity, and the gonotrophic dis- 
sociation was examined with the fed 
females 7—10 days thereafter. Besides 
the females of the laboratory colony 
mentioned above, the fed females which 
had been caught at cowsheds and pigsties 
and then kept under outdoor conditions 
were also examined for the occurrence of 
the gonotrophic dissociation. 


Results 


Follicular development, feeding activity 
and gonotrophic dissociation rate were 
examined with the females which had 
been reared from the Ist instar larvae un- 
der outdoor conditions from! September to 
October. The results are given in Table 1. 

Table 1 shows that the follicles of the 
females which had emerged in early 
September were large in size and wel- 
developed in stage, but they became 
smaller and less-developed as the emer- 


gence time of females became later in 
season. The feeding activity also dropped 
with time, approximately in parallel with 
the trend of the change in follicular devel 
opment. As for the gonotrophic dissocia- 
tion, the seasonal change was not clear, 
since the females which had emerged in 
and after early October did not feed on 
blood at all, however the rate of the occur- 
rence in September seemed not very high. 

To make these clearer, our results 
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Table 1. Follicular development, feeding activity and gonotrophic dissociation 
in the females of Culex tiritaeniorhynchus summorosus reared from the 


Ist instar larvae under outdoor conditions, 1972. 
et ee 


Time of qnatfence to She ilean sete Fol, Feeding | GiSaciation. 
aa e dissection or = DE oe o es ne cular No. | o7 [No Po 
sence feeding E E Total “RAES exposed fed “0 Sf ee Poon E i 
| | l l 
Sep. E 10 244 10 Ib | 30 15 50.0. 15 2 13.3 
Sep. M 20 2120141 : 71 Nb 20 6 30.0 6 2 33.0 
Sep. L 20 12501 9 N | 20 840 8 0 0.0 
Oct. E 10 13 3 71 N : 50 0 00| - — — 
Oct. M 40 | 4 6 to | N | 100 0 00| — - — 
Oct. L | 25 — 8 10 No2,N, 40 0 0.0 | = = z$ 


** E, M and L show the early, middle and late part of the month respectively. 
** One unit = 10 z 
**k The fed females were dissected 7 to 10 days after feeding. 


shown in Table 1 were plotted together 
with the data by Kawai (1969) in Fig. 1. 
It is apparent from Fig.1 that the season- 
al changes of the follicular development 
and the feeding activity are in accordance 


MEAN LENGTH OF FOLLICLES 


with those mentioned above. The females 
which had emerged as adults from early 
August to middle September had the 
developed follicles and their feeding rates 


FEEDING RATE (2) 


were generally high, but when the fe- 


males emerged after that, particularly in O 
October, the follicles were small-sized Z 
and the feeding rates were very low. It > 
seems that the rate of the females show- 2 
ing gonotrophic dissociation is low from 
AUGUST PERRE ENE 


early August to middle or late September, 
but becomes high thereafter. Although in A , _ 

Fig. 1. Follicular size, feeding activity and 
middle October all of the six females gonotrophic dissociation in the females of 


which had fed on blood showed the gono- Culex tritaeniorhynchus summorosus reared 

: : ies : f he ] inst larv d td 

trophic dissociation, it should be noted ROU AC Wale ue een tame: Sgeeyee a ctaee ee 
conditions. Black and white circles were 


that the feeding rate was very low and drawn from Table 1 and Kawai (1969) re- 


therefore the number itself of the females spectively. As for the follicular size, see** 
in Table 1. GD: Gonotrophic dissociation 


DATE OF EMERGENCE OF FEMALES 


showing this phenomenon was small. 

The above results seem to indicate the 
decreases in the size of follicles and in in the females, as the season becomes 
the feeding activity, and the increase of later from summer to autumn. To know 
the occurrence of gonotrophic dissociation, the possible role of the day-length in such 
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changes, developmental states of follicles, 
feeding activity and gonotrophic dissocia- 
tion were examined with the females 
which had been reared as adults from the 
Ist instar larvae under the experimental 
conditions with photoperiods ranging from 
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11:30 to 16:00 hours at temperatures of 
21—25°C. These results are represented 
in Table 2 and Fig. 2. In the latter, the 
data of Kawai (1969) were again shown 
together with ours. 

These results showed that when day- 
length was longer than 13.5 hours, the 
females had the well-developed follicles 
and fed on the chicken actively, and the 
gonotrophic dissociation rate was generally 
very low. On the other hand, when day- 
length was shorter than 13.5 hours, the 
females had mostly the undeveloped 
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Fig. 2. Follicular size, feeding activity and 
gonotrophic dissociation in the females of 
Culex  tritaeniorhynchus summorosus reared 
from the Jst instar larvae under various 
photoperiods at temperature of 21—27°C. 
Black and white circles were drawn from 
Table 2 and Kawai (1969) respectively. As 
for the follicular size, see ** in Table 1. 
GD: Gonotrophic dissociation 
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follicles, and the rate of feeding on 
animals was low and the rate showing 
gonotrophic dissociation was generally 
high. 

From those results it may be concluded 
that the females which emerged under 
the short day-length in the outdoors or 
the laboratory show the gonotrophic disso- 
Also it seems that the 
follicular development, 


ciation commonly. 
feeding activity 
and gonotrophic dissociation rate in those 


females are related to each other and 


influenced at least by day-length. 

To estimate the gonotrophic dissociation 
rate in nature, it was examined with the 
fed females which were collected at cow- 
sheds and pigsties in the period from 
March to October and then kept for 7 to 
10 days under the outdoor conditions. 
These results are given in Table 3, which 
shows that gonotrophic dissociation in these 
females was low in rate in spring to 
summer and became a little high in 


autumn. 


Table 3. Seasonal changes in the rate of gonotrophic dissociation in the fed 
females of Culex tritaeniorhynchus summorosus which were caught at 
cowsheds and pigsties and thereafter kept under outdoor conditions. 

; j s FA) 
pole ica collection to ee Besoin ‘gonotrophic | gonotrophic 
dissection | | dissociation | dissociation 
Mar. 27 | 7 | 7 : 7 0 | 0.0 
Apr. 12 7 | 49 48 1 | 2.0 
May 25 7 : 17 : 17 0 | 0.0 
Jun. 8 J | 30 29 1 3.3 
Jui. 10, 17 7 46 43 | 3 6.5 
Aug. 2, 26 7 74 69 | 5 6.8 
Sepe = Ucet 5T - | 3—10 | 31 22 9 29.0 
Sep. 10—26 | 7 | 72 69 3 4.2 
Oct. 8, 18 | 10 | 4 3 1 25.0 


* Cited from Kawai (1969). 


Discussion 


In our experiments with C. tritaenio- 
rhynchus summorosus, the females which 
had been bred under the experimental 
conditions with day-lengths shorter than 
13.5 hours and temperatures from 21 to 
and the 
gonotrophic dissociation in the fed females 


20°C showed a low feeding rate, 


was demonstrated at a high rate of ca. 
50 —100%. The similar result was report- 
ed by Ito et al. (1968). They indicated 
that when the females reared as adults 


under a short photoperiod at 25°C were 
allowed to take the blood-meal, only a 
few females took the blood-meal and 
most of them showed the gonotrophic 
dissociation. From those facts, it is sup- 
posed that the females in low feeding 
activity are liable to show the gonotrophic 
dissociation. 

(1968, 1970) found that 
the gonotrophic dissociation rates were 
ca. 70—100% in the females which had 


Harada et al. 
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emerged after early September under 
Kawai (1969) also 
observed that the feeding activity was 


outdoor conditions. 


very low in females which had been 
reared to adults after middle September 
under outdoor conditions and had mostly 
the undeveloped follicles, and the gono- 
trophic dissociation was high in rate. Ito 
et al. (1968) showed that in the females 
which had emerged after late September 
the feeding activity was lower and the 
gonotrophic dissociation occurred at higher 
rates (00-70%), if compared with the 
females of earlier emergence date. Those 
data generally coincide with ours. Thus, 
the close association is again seen bet- 
ween the low activity of the blood feeding 
and the high incidence of the gonotrophic 
dissociation. Also it is clearly indicated 
from those results with outdoor-reared 
females that the gonotrophic dissociation 
increases in incidence in autumn, perhaps 
due largely to the shortening of the day- 
length. With the females which were 
caught at cowsheds and pigsties in the 
Nagasaki area and then kept under out- 
door conditions, Kawai (1969) obtained 
the results that the rate of gonotrophic 
dissociation was about 30% in September 
and October, and our data showed a 
similar incidence rate to Kawai’s. There- 


fore, it is certain that the gonotrophic 
dissociation does occur also in the field. 
However, the incidence rate in autumn is 
generally lower in the females collected 
in the field than in those reared under 
outdoor conditions. The reason for this 
is not clear at present, but it may be 
partly included for the explanation that 
the individuals with physiologically low 
feeding activity, which could feed on | 
animals under experimental conditions, 
are not attracted to animals in the field. 

In the present mosquito, most of the 
females entering into hibernation in au- 
tumn are unfed and nulliparous (Harada et 
al., 1968; Ito et al., 1968; Kawai, 1969). 
In fact, the females encountered at ani- 
mal houses are very small in number in 
autumn (Wada et al., 1967). Therefore, 
even if the incidence rate of the gonotroph- 
ic dissociation is fairly high in autumn, 
the number of the females which experi- 
enced the gonotrophic dissociation must 
be extremely small in the overwintering 
population. Thus, it can be concluded 
that the gonotrophic dissociation in this 
species does not play an important role 
for the overwintering ecology, therefore 
the possibility of the virus to overwinter 
in the mosquito is also very small, as far 
as northern Kyushu areas are concerned. 
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